Background: Cryosurgery was recently introduced as a treatment for varicose veins in the lower extremities.
INTRODUCTION
Although there are many treatment modalities for varicose veins, no single method represents a gold standard. Most varicose veins are caused by incompetent saphenofemoral junctions (SFJ) and great saphenous vein (GSV) reflux, and therefore most treatment modalities are designed to address these problems. The standard treatment for varicose veins caused by GSV reflux is ligation of the vein at the SFJ, followed by stripping of the GSV from the groin to just below the knee.
Cryosurgery, including SFJ ligation and cryostripping of the GSV, is an effective treatment for varicose veins. The use of cryosurgery was introduced in 1978, and was first clinically applied in 1982. It is not considered the gold standard for treating SFJ incompetence or GSV reflux, but it is widely used because it is a less traumatic procedure and has lower rates of postoperative morbidity, and the complication rates are similar to those of traditional stripping [1] . 
MATERIALS AND METHODS
A total of 40 patients underwent cryosurgery for the treatment of varicose veins from March 2009 to July 2010 at our institution. The physicians performed a careful examination of the patients and took their histories, and duplex ultrasonography was obtained for all of the enrolled patients. The patients with incompetent SFJ and GSV reflux as demonstrated by duplex ultrasonography were enrolled in this study.
Clinical severity was assessed according to clinical-etiology-anatomy-pathophysiology (CEAP) classification.
Our goal was to achieve one-day surgery for each patient.
Exceptions were made when patients desired a longer hospital stay for personal reasons or when the physicians concluded that the patients required additional treatment such as intravenous antibiotic injections due to skin ulcers or phlebitis before or after surgery. General anesthesia was preferred, but was avoided when comorbidities were expected to increase post-surgical morbidity.
The duplex ultrasonography investigations were performed with an ultrasound system (Zone Ultra; Zonare Medical Systems, Mountain View, CA, USA). Reflux in the GSV and the SFJ was defined as retrograde flow lasting longer than 0.5 seconds. The GSV was mapped before surgery on the skin from the SFJ to the most distal point at the knee via ultrasonography.
Examination by duplex ultrasonography was performed again during surgery. Cryostripping involves ligation and division of the GSV at the confluence of the GSV and the femoral vein at the level of the hiatus saphenous, followed by vein removal with a cryomachine and cryoprobe (Metrum CryoFlex; Spolka, Blizne, Poland) (Figs. 1, 2 ).
Under the guidance of duplex ultrasonography, a small incision was made in the skin 1 cm below the SFJ. Entrance to the SFJ was confirmed, and the proximal part of the GSV was ligated (Fig. 3) . The cryoprobe was then inserted into the opening of the ligated GSV. The location of the cryoprobe was identified with duplex ultrasonography. (Fig. 4) .
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DISCUSSION
Lower extremity varicose veins are common. The prevalence ranges from 20% to 25% in women and 10% to 15% in men [2] . In many studies, female sex has tended to be a risk factor for this disorder. However, in the Edinburgh Vein Study, 32% of randomly selected women and 40% of randomly selected men showed trunk varicosities [3] . Currently, family history is the most important risk factor for varicose veins; other risk factors are age, pregnancy, obesity, and prior deep vein thrombosis [4] . Food and Drug Administration [5] . Endovenous radiofrequency ablation was first described by Goldman in 2000 [3] .
Both treatments use heat-generating material, like laser fibers or catheters, which are positioned intravenously through small The long-term benefits are equivocal. Initial occlusion rates for endovenous laser therapy were reported to be 90% to 95% [6] , and those of endovenous radiofrequency ablation were reported to be 90% to 96% [7] . However, without SFJ ligation, there remains a risk for recanalization. No long-term results regarding these minimally invasive endovenous techniques in comparison with conventional surgery have been reported. Some guidelines recommend that these techniques are suitable for non-tortuous and less enlarged veins [8] .
Cryosurgery, which is basically similar to conventional surgery, consists of SFJ ligation and GSV removal. This method requires a small incision in the groin area, unlike the minimally invasive techniques described above, but does not require additional small incisions above the knee, which are required in conventional surgery to fix the GSV before extraction. Cryosurgery eliminates the GSV so that varicose veins cannot recur via recanalization.
The concept of using cryosurgery in the lower extremity varicose veins was first introduced in 1978, and its clinical applications were achieved in 1982 with the invention of the vascular cryoprobe [9] . The basic principle of the treatment is simple: perform ligation and division of the GSV at the junction of the femoral vein and GSV at the level of the hiatus saphenous, and then GSV removal with the cryoprobe by freezing.
Low temperatures can be produced using N2O or CO2 gas, The only disadvantage compared to conventional surgery is that cryosurgery is more expensive because it requires a cryoprobe and nitrogen tank [11] .
Considering its costs, cryosurgery is expected to be slightly superior to minimally invasive techniques. In a study comparing the cost-effectiveness of cryosurgery and endovenous laser therapy, the total costs of endovenous laser therapy were higher than cryosurgery, although both therapies yielded similar therapeutic results [12] . We were unable to find randomized clinical studies regarding the differences in costs between radiofrequency ablation therapy and cryosurgery, but the former is expected to be more expensive because of the use of ablation catheters and power sources. Cryosurgery has also proved to have advantages over other therapeutic techniques for treating incompetent perforating veins [13] .
In combination with phlebectomy or sclerotherapy, cryosurgery is expected to be more successful. Phlebectomy, which Complications after cryosurgery can vary post-operational pain, hematoma, skin pigmentation, and paresthesia are the primary problems. Two patients in our sample complained of skin pigmentation, and one patient complained of superficial thrombophlebitis. Our complication rate was extremely low, perhaps due to clinician expertise, usage of tumescence, combination with phlebectomy, and the application of compression bandages and compression stockings for 6 to 8
weeks. We observed no neurologic complications. In a previous clinical study of cryosurgery, the neurologic complication rate was 0.10% [14] .
Severe or fatal complications have not been reported in the treatment of varicose veins, regardless of which kinds of modalities are used. Comparisons of cost-effectiveness among therapeutic modalities remain inconclusive despite the large amount of research data that has been accumulated [15] .
Therefore, no single therapeutic modality is considered a gold standard. The choice for treatment depends on the extent of varicose veins.
Cryosurgery is a good option for treating varicose veins with GSV reflux and visible trunk varicosities. In combination with phlebectomy and sclerotherapy, cryosurgery could resolve almost all types of varicose veins (from CEAP 2 to CEAP 6). Cryosurgery is more rapid and has lower rates of complications than conventional surgery, and may be less expensive than minimally invasive techniques for patients.
Cryosurgery may be performed under either local or general anesthesia, and can be performed as day surgery.
CONCLUSION
Cryosurgery is feasible for the treatment of varicose veins with GSV reflux. It is less invasive than conventional stripping and less expensive for patients than endovenous laser therapy or radiofrequency ablation.
